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Introduction {#sec005}
============

Family planning has the potential to reduce maternal and child mortality and contribute to poverty reduction and social and economic development, particularly in countries with high fertility and rapid population growth \[[@pone.0139628.ref001]--[@pone.0139628.ref003]\]. Although family planning is the most cost-effective and practical strategy for reducing preventable maternal and newborn mortality, there are more than 220 million women in the developing world who want to avoid or postpone childbearing but are not using any form of modern contraception \[[@pone.0139628.ref004]\].

The implications of low contraceptive prevalence are especially striking in Pakistan, the sixth most populous country in the world, which has a higher fertility rate (3.8 births per woman) and a faster population growth rate (2% per year) than many of its South Asian and eastern Mediterranean neighbors \[[@pone.0139628.ref005], [@pone.0139628.ref006]\]. The current contraceptive prevalence rate among women ages 15--49 is 35% (23% in rural areas); unmet need among married women is 20%; and the median interval between births is 28 months \[[@pone.0139628.ref006]\]. Although the World Health Organization recommends an interval of at least 24 months between childbirth and the next pregnancy to reduce the risk of adverse maternal, perinatal, and infant outcomes, more than one-third of Pakistani children are born less than 24 months after a previous birth \[[@pone.0139628.ref006], [@pone.0139628.ref007]\]. Without dramatic increases in family planning and consequent fertility decline, the country's population is projected to grow from an estimated 184.5 million in 2012--2013 to between 266 million and 342 million by 2050 \[[@pone.0139628.ref005], [@pone.0139628.ref008]\].

At the 2012 London Summit on Family Planning, Pakistan committed to increasing contraceptive prevalence to 55% by 2020 \[[@pone.0139628.ref009]\]. The country's commitment to family planning is not new; however, the increases in contraceptive use that have been attributed to the establishment of the government programs and social franchising clinics launched in the 1990s have slowed in recent years \[[@pone.0139628.ref010]--[@pone.0139628.ref012]\]. For example, contraceptive prevalence increased significantly after introduction of the National Program for Family Planning and Primary Health Care, which established a cadre of community-based Lady Health Workers in 1994, but then stagnated due to suboptimal counseling sessions, supply management issues, and diversion of health workers' attention to promotion of other health services. \[[@pone.0139628.ref012], [@pone.0139628.ref013]\] There has been little change in contraceptive use since 2000 \[[@pone.0139628.ref014], [@pone.0139628.ref015]\]. Similarly, the initial progress after the launch of social marketing media campaigns and establishment of franchised family planning clinics in urban areas has not been sustained \[[@pone.0139628.ref016], [@pone.0139628.ref017]\].

Today, family planning services are available at low or no cost from multiple public and private sector outlets in Sindh. This includes hospital-based Reproductive Health Service Centers that provide comprehensive family planning services in urban areas; Family Welfare Centers that provide all services except for contraceptive implants, tubal ligataion and vasectomy in urban and rural areas; Mobile Service Units that set up 'camps' to provide services in underserved rural areas, community-based Social Mobilizers (Male) that distribute condoms and oral contraceptive pills; and Lady Health Workers that provide counseling on family planning as well as condoms, oral contraceptive pills and injectables; private facilities; and social marketing organizations.\[[@pone.0139628.ref018]\]

Poor-quality service provision has been a major barrier to scaling up use of contraception. Giving information to clients about the benefits and potential side effects of modern methods of contraception is not sufficient \[[@pone.0139628.ref019]\]. For example, although 74% of couples using contraceptives do so to limit the number of children they have, only 30% select long-acting or permanent contraceptive methods. Furthermore, 72% of users are not informed about the potential side effects of contraceptives and how to address them, leading to high rates of discontinuation \[[@pone.0139628.ref006]\]. As in other settings, the concerns that women in Pakistan raise about service quality include providers who lack knowledge of contraception, low availability of a variety of contraceptive methods, and provider unresponsiveness to women's queries and apprehensions about family planning \[[@pone.0139628.ref020]\].

Two additional barriers to contraceptive uptake are women's perception that family planning is socially or culturally unacceptable and their perception that contraceptive use could conflict with their husband's or mother-in-law's fertility preferences \[[@pone.0139628.ref021]\]. Women's intention to use contraception is hindered by their beliefs that family planning decisions must be made by the husband and that fertility is determined by God\'s will. For men, the fear that contraceptives make a woman sterile and may harm her womb is a barrier to using modern family planning methods \[[@pone.0139628.ref022]\]. In this context, couples' joint decision-making has been shown to have a significant effect on contraceptive use \[[@pone.0139628.ref023]\].

Health behaviors are shaped by multiple social and environmental factors, and the influence of these factors on individual beliefs and behaviors has been given increased attention by social scientists in recent years \[[@pone.0139628.ref022]--[@pone.0139628.ref025]\]. Both the access to resources and the influence of family, friends, and broader social norms affect access to health providers, health knowledge, and contraceptives \[[@pone.0139628.ref024]\]. However, there is little research on Pakistan showing how the characteristics of the community where a woman lives influence her contraceptive use. Most research has focused on individual socioeconomic factors, spousal communication about family planning, and the influence of the mother-in-law \[[@pone.0139628.ref019], [@pone.0139628.ref021]--[@pone.0139628.ref023], [@pone.0139628.ref025]--[@pone.0139628.ref028]\].

Research in other settings has shown that women living in communities with relatively high quality health services and women in communities with relatively low poverty rates are more likely to seek reproductive care services. \[[@pone.0139628.ref029]--[@pone.0139628.ref033]\] Given that use of family planning continues to carry stigma in the conservative cultural environment of Pakistan, there is also a need to look at communities' openness to discussing family planning as a factor that could have a positive influence on contraceptive use \[[@pone.0139628.ref022]\]. Community openness to discussing prevention has been a major contributing factor in health behavior change, and both interpersonal communication and peer support are recognized as key components of an enabling environment for family planning programming \[[@pone.0139628.ref034], [@pone.0139628.ref035]\]. This study examines the individual and community-level determinants of contraceptive use among women within two years of giving birth in Sindh, Pakistan's second most populous province, with the aim of understanding how family planning decisions are influenced by the characteristics of the communities in which they live.

Methods {#sec006}
=======

This study uses data from a cross-sectional survey conducted in June--July 2014 as part of a United States Agency for International Development-funded program to improve maternal, newborn, and child health outcomes by supporting the delivery of evidence-based, high-impact interventions in the Sindh province of Pakistan.

Study sample {#sec007}
------------

A multistage sampling procedure was used to select 6,200 women ages 15--49 who had a live birth in the last two years. The sample, drawn from the sampling frame based on the 1998 census (the most recent census conducted in Pakistan), was selected to be representative of all districts of Sindh.

Probability proportional to size sampling was used to select urban areas in each district. Urban areas were divided into three strata based on population size: cities of more than 1 million, cities of 0.1--1 million, and cities of less than 0.1 million. In each district, cities were listed in descending order of size and selected using a skip interval (determined by dividing the cumulative population of the cities by the number of cities to be selected in the sample) after the first city was selected at random using a random number table. This process of city selection was applied within each stratum of each district. Within urban areas, "circles" were the primary sampling units (PSUs), and they were also selected using probability proportional to size sampling. Within a circle, a random starting point was used to select the first household.

In rural areas, villages served as the PSUs. Villages were stratified according to population size (greater than or less than 3,000). In each stratum, villages were listed in descending order based on population size. Villages in a stratum were selected by using a skip interval (obtained by dividing the total population of villages in that stratum by the number of villages to be selected). Villages were divided into two parts, and random starting points were used to select the first households in each part.

Finally, in both urban and rural areas, if more than one eligible individual was found in a household, a Kish grid was used to select one respondent randomly.\[[@pone.0139628.ref036]\] If the selected respondent was not present, two attempts were made to reach the respondent after the initial contact If still not available after a total of three attempts, a replacement was selected. In total, 7458 households were selected to reach 6200 respondents (16.9% non-response). Smaller districts were oversampled for better representation of smaller areas, and weights were attached to the data to adjust for oversampling. Urban and rural populations are proportionately represented in each district.

Data collection and management {#sec008}
------------------------------

Data were collected through face-to-face interviews using a structured questionnaire based on the Demographic and Health Survey instrument developed by Macro International, Inc., and the Knowledge, Practice and Coverage Survey developed by the Johns Hopkins University/Child Survival Program 1990 and revised by the Maternal and Child Health Integrated Program \[[@pone.0139628.ref006], [@pone.0139628.ref037]\]. Questionnaires were translated into Urdu and Sindhi, and data were collected on paper forms by experienced female data collectors. Data entry and cleaning were done by s reputable research firm contracted to manage the fieldwork and data entry for this study.

Measures {#sec009}
--------

### Outcome variable {#sec010}

The outcome variable of interest in this study is current contraceptive use. Women were asked if they were currently doing something to delay or avoid getting pregnant, and responses were coded as a binary variable: 0 if the woman was not doing anything to delay or avoid getting pregnant, and 1 if the woman was using any modern (pill, injection, intrauterine device, implant, male or female sterilization, standard days method, or lactation amenorrhea method) or traditional (rhythm, withdrawal, or other) method.

### Independent variables {#sec011}

The individual and household (level 1 variables) captured included each woman's place of residence (urban/rural), age (continuous), number of children (one, two, or three or more), level of school attended (no formal education, primary or middle school, secondary or higher education), current desire for more children (yes/no), and daily television viewership (yes/no). In addition, place of delivery for the woman's most recent live birth (home/facility) was recorded, as was whether she received information about birth spacing from any of the following four individuals in the last 12 months (four separate variables): a doctor, a Lady Health Worker, her mother-in-law, or any other relative/friend. A variable measuring household wealth was created with the method used by the Demographic Health Surveys, using principal component analysis, with data collected on the following assets and amenities: ownership of mobile phone, motorcycle, television, refrigerator, cupboard/cabinet, washing machine, bed, clock, sofa, sewing machine, livestock; construction material used for the floor of the home; construction material used for the roof of the home; construction material used for the walls of the home; main fuel used by the household; whether the household had a water pump; and whether the household had a toilet \[[@pone.0139628.ref037]\].

Three community (level 2) variables were constructed by aggregating individual-level data for each of the 503 communities/clusters/PSUs: one to indicate availability of quality antenatal care, one to indicate openness to communication about family planning, and one to indicate poverty status. The variable measuring quality of antenatal care in the PSU was constructed in two steps: individual women were coded with a 1 if they had received all six elements of quality antenatal care (blood pressure measurement, urine test, blood test, iron tablets, tetanus immunizations, and weight measurement) during an antenatal care visit and with a 0 if they had not; in the second step, the mean value of this variable was calculated for the PSU. Similarly, the variable measuring discussion of family planning in the community was constructed in two steps: the first variable measured whether a woman received information on birth spacing by any of four persons (doctor, Lady Health Worker, mother-in-law, or any other relative or friend); thereafter, the mean value of this variable was calculated for the PSU. Finally, community-level poverty was computed in a similar manner: at the individual level, women belonging to the poorest wealth quintile were coded with a 1 and women in all other quintiles were coded with a 0; then, the average value was calculated for the PSU. This approach is similar to that of previous studies in which individual-level data have been used to create community-level variables by calculating the means of individual-level variables at the PSU level \[[@pone.0139628.ref033], [@pone.0139628.ref038], [@pone.0139628.ref039]\].

Statistical analysis {#sec012}
--------------------

Descriptive, bivariate, and multivariate logistic regression techniques were used to analyze survey findings.

First, individual and household characteristics of respondents were explored using descriptive statistics and contraceptive prevalence depicted in spatial maps. Bivariate analyses were then conducted using Pearson's chi-square to examine relationships between study sample characteristics and contraceptive use. Because respondents living in the same community are likely to be more similar to each other than to respondents in other PSUs, and some determinants of contraceptive use may be a function of conditions in that community, two-level logistic regression models were developed with the following structure: $$\gamma_{ij} = \pi_{ij} + e_{ij}$$ where *π* ~ij~ is the probability of the *i*th woman in the *j*th cluster/PSU using contraception. The response variable, *y* ~ij~, is distributed as binomial (1, *π* ~ij~). *e* ~ij~ is the residual term at level 1, a random variable, with variance of *π* ~ij~(1- *π* ~ij~).

![](pone.0139628.e002.jpg){#pone.0139628.e002g}

log

(

π

i

j

/

1

−

π

i

j

)

=

α

\+

β

Χ

π

i

j

Τ

\+

U

j

The outcome fitted in the model is the log odds of use versus non-use of contraception. α is a constant and β is a vector of independent variables. U~j~ is a random intercept for community, defined as U~j~ \~ N(0,σ~u~ ^2^).

### Random effects, model fit, and precision {#sec013}

Correlations between the probability of contraceptive use in the same PSU were computed using an inter-cluster correlation/variance partition coefficient (VPC~f\ =\ σ~ ^2^ ~f~ / (~(σ~ ^2^ ~f~ +3.29)), where ~σ~ ^2^ ~f~ is a measure of variance at the community level.

A block modeling strategy was used, whereby a set of variables is included in a model separately, resulting three different models: (1) a null model, to decompose the total variance between individual and community levels; (2) a second model, containing all individual-level variables; and (3) a final model, incorporating all three community-level variables to assess their effect and examine whether the association between individual-level variables and contraceptive use remained significant. Women's age was dropped from the regression analyses due to the issue of multicollinearity as it was highly correlated with number of living children. The final model, incorporating individual and community-level factors, was selected as the best fit based on the likelihood ratio test, Akaike information criterion, Bayesian information criterion, and two-tailed Wald statistics.

Stata version 11.2 (StataCorp LP, Texas, United States) was used for the analyses, and *p*-values of 0.05 were considered statistically significant. ARCGIS 10.2.1 (ESRI, California, United States) was used for spatial analysis.

Ethical considerations {#sec014}
----------------------

Study participants included married women 15--49 who had had a live birth in the two years prior to the survey and who resided in the houses sampled for study participation. All individuals meeting these criteria were considered adults, regardless of age. Interviewers obtained oral consent from each prospective participant prior to conducting an interview. An informed consent script was read aloud to the prospective participants, and she was asked if she had any questions. All respondents' questions were answered before participants were asked to provide oral consent. Interviewers were instructed to reassure women that they were not obligated to take part in the study if they did not want to and could stop the interview at any time. After obtaining verbal consent from the respondent, the interviewer signed the consent form, put the questionnaire number on it, and kept it in the study records. Written informed consent was not taken because of low female literacy in the study area. All consent procedures were approved by the by both the Johns Hopkins University School of Public Health Institutional Review Board and the National Bioethics Committee of Pakistan

Results {#sec015}
=======

Study population characteristics {#sec016}
--------------------------------

[Table 1](#pone.0139628.t001){ref-type="table"} presents the characteristics of women within two years postpartum in Sindh, of whom 69.1% delivered in a health facility. Nearly equal proportions were living in rural (51.2%) and urban (48.8%) localities. The median age of the women was 27 and the median number of living children was three. Approximately two-thirds (67.6%) of the women expressed desire for another child in the future. More than half (55.5%) had never attended school; 20.9% had completed primary or middle school; and 23.6% had a secondary or higher education. Approximately two out of five women (43.0%) reported watching television daily. Respondents were asked if they had received information regarding birth spacing during the previous 12 months. More than one-third (39.3%) had received information from a doctor, 35.2% had received information from relatives or friends, 22.9% had received information from a Lady Health Worker, and 18.7% had received information from their mother-in-law.

10.1371/journal.pone.0139628.t001

###### Characteristics of women within two years postpartum in Sindh, Pakistan, 2014.

![](pone.0139628.t001){#pone.0139628.t001g}

  Characteristics                                                       \% (n = 6,200)
  --------------------------------------------------------------------- ----------------
  **Sociodemographic characteristics**                                  
  Place of residence                                                    
   Rural                                                                51.2
   Urban                                                                48.8
  Number of living children                                             
   One                                                                  22.6
   Two                                                                  23.1
   Three or more                                                        54.2
  Desire for additional children                                        
   Want additional children                                             67.6
   Do not want additional children                                      32.4
  Education                                                             
   None                                                                 55.5
   Primary or middle                                                    20.9
   Secondary or higher                                                  23.6
  Daily television viewership                                           
   Do not view television daily                                         57.0
   View television daily                                                43.0
  **Health services use**                                               
  Place of delivery for most recent birth                               
   Home                                                                 39.0
   Facility                                                             69.1
  **Discussion about birth spacing**                                    
  Discussed birth spacing with doctor in last 12 months                 
   No                                                                   60.7
   Yes                                                                  39.3
  Discussed birth spacing with mother-in-law in last 12 months          
   No                                                                   81.3
   Yes                                                                  18.7
  Discussed birth spacing with relatives or friends in last 12 months   
   No                                                                   64.8
   Yes                                                                  35.2
  Discussed birth spacing with Lady Health Worker in last 12 months     
   No                                                                   77.1
   Yes                                                                  22.9

Contraceptive use {#sec017}
-----------------

Overall, 27.3% of women with a live birth in the two years before the study reported contraceptive use. [Fig 1](#pone.0139628.g001){ref-type="fig"} illustrates the average prevalence of contraceptive use in each community (PSU) and district, and [Fig 2](#pone.0139628.g002){ref-type="fig"} presents the contraceptive methods used. Although in Karachi, which accounts for approximately one-third of the province's population, 45.2% (95% CI: 41.6, 48.9) of women within two years postpartum reported contraceptive use at the time of the survey, in 14 of the 23 other districts 21%--40% of respondents reported contraceptive use, and in nine districts less than 20% of the women reported contraceptive use. Approximately one-fifth (18.4%) of postpartum contraceptive users practiced traditional methods, while fourth-fifths (81.6%) used modern methods.

![Map of average contraceptive prevalence by community and district in Sindh, Pakistan, 2014.\
Shaded areas represent the average contraceptive prevalence rate at the district level. Colored symbols represent the average contraceptive prevalence rate at the community level.](pone.0139628.g001){#pone.0139628.g001}

![Method mix among women within two years postpartum using any form of contraception, Sindh, Pakistan, 2014.](pone.0139628.g002){#pone.0139628.g002}

[Table 2](#pone.0139628.t002){ref-type="table"} presents the percentage of women reporting use of contraceptives at the time of the survey, by sociodemographic characteristics, health service use, and exposure to communication about birth spacing. Nearly two-fifths (39.3%) of women living in urban areas reported using contraceptives, compared to only 16% in rural areas. Contraceptive use was reported by more than twice as many women who delivered their most recent child at a health facility (32.7%) as those who did not deliver at a facility (15.3%). Contraceptive use was also more common among women with higher wealth status, those with more education, and those who reported having received information about birth spacing from a health worker, family member (other than mother-in-law), or friend in the last 12 months.

10.1371/journal.pone.0139628.t002

###### Percentage of women within two years postpartum using any contraceptive method at the time of the survey, Sindh, Pakistan, 2014.
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  Characteristics                                                       \% (n = 6,200)
  --------------------------------------------------------------------- -----------------------------------------------
  **Sociodemographic characteristics**                                  
  Place of residence                                                    
   Rural                                                                16.0[\*\*\*](#t002fn003){ref-type="table-fn"}
   Urban                                                                39.3
  Number of living children                                             
   One                                                                  17.0[\*\*\*](#t002fn003){ref-type="table-fn"}
   Two                                                                  29.5
   Three or more                                                        30.8
  Desire for additional children                                        
   Want additional children                                             63.0[\*\*\*](#t002fn003){ref-type="table-fn"}
   Do not want additional children                                      37.0
  Education                                                             
   None                                                                 18.3[\*\*\*](#t002fn003){ref-type="table-fn"}
   Primary or middle                                                    31.8
   Secondary or higher                                                  44.6
  Household Wealth Quintiles                                            
   First                                                                8.5[\*\*\*](#t002fn003){ref-type="table-fn"}
   Second                                                               17.3
   Middle                                                               29.0
   Fourth                                                               35.6
   Richest/Fifth                                                        46.6
  Daily television viewership                                           
   Do not view television daily                                         20.4[\*\*\*](#t002fn003){ref-type="table-fn"}
   View television daily                                                36.6
  **Health services use**                                               
  Place of delivery for most recent birth                               
   Home                                                                 15.3[\*\*\*](#t002fn003){ref-type="table-fn"}
   Facility                                                             32.7
  **Discussion about birth spacing**                                    
  Discussed birth spacing with doctor in last 12 months                 
   No                                                                   20.0[\*\*\*](#t002fn003){ref-type="table-fn"}
   Yes                                                                  38.6
  Discussed birth spacing with mother-in-law in last 12 months          
   No                                                                   26.6[\*\*](#t002fn002){ref-type="table-fn"}
   Yes                                                                  30.7
  Discussed birth spacing with relatives or friends in last 12 months   
   No                                                                   23.0[\*\*\*](#t002fn003){ref-type="table-fn"}
   Yes                                                                  35.4
  Discussed birth spacing with Lady Health Worker in last 12 months     
   No                                                                   25.6[\*\*\*](#t002fn003){ref-type="table-fn"}
   Yes                                                                  33.4

\*significant at *p*\< 0.05

\*\*significant at *p*\< 0.01

\*\*\*significant at *p*\< 0.001

Determinants of contraceptive use {#sec018}
---------------------------------

Multilevel logistic regression analysis was conducted to determine the effect of individual and community-level variables on current use of contraception. The results are shown in [Table 3](#pone.0139628.t003){ref-type="table"}. The null model shows significant differences in contraceptive use across communities/PSUs (community-level variance = 0.95; SE = 0.12), and VPC indicates that 22% of the variation in women's propensity to use contraception lies between communities/PSUs.

10.1371/journal.pone.0139628.t003

###### Associations between individual/household and community-level factors and contraceptive use in Sindh, Pakistan.
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  Characteristic                                                                     Null model (Model 1)   Model with individual/ household- factors only (Model 2) Adjusted odds ratio   Model with individual/household and community factors (Model 3) Adjusted odds ratio
  ---------------------------------------------------------------------------------- ---------------------- ------------------------------------------------------------------------------ -------------------------------------------------------------------------------------
  **INDIVIDUAL & HOUSEHOLD CHARACTERISTICS**                                                                                                                                               
  Urban residence (ref: rural)                                                                              1.40 (1.11, 1.77)                                                              1.0 (0.77, 1.29)
  Number of children (ref: one)                                                                                                                                                            
   Two                                                                                                      2.09 (1.68, 2.60)                                                              2.09 (1.68, 2.60)
   Three or more                                                                                            3.14 (2.55, 3.86)                                                              3.16 (2.57, 3.89)
  Wants no more children (ref: want more children)                                                          2.12 (1.83, 2.46)                                                              2.09 (1.80, 2.42)
  Education (ref: none)                                                                                                                                                                    
   Primary or middle                                                                                        1.21 (1.00, 1.45)                                                              1.17 (0.97, 1.41)
   Secondary or higher                                                                                      1.96 (1.59, 2.41)                                                              1.90 (1.54, 2.33)
  Household wealth (ref: poorest quintile)                                                                                                                                                 
   Second quintile                                                                                          1.67 (1.28, 2.18)                                                              1.29 (0.97, 1.75)
   Middle quintile                                                                                          2.40 (1.79, 3.21)                                                              1.68 (1.19, 2.38)
   Fourth quintile                                                                                          2.49 (1.79, 3.46)                                                              1.70 (1.16, 2.49)
   Richest/fifth quintile                                                                                   3.50 (2.45, 4.99)                                                              2.38 (1.59, 3.56)
  Daily television viewership (ref: no)                                                                     1.21 (1.04, 1.41)                                                              1.18 (1.01, 1.37)
  **HEALTH SERVICES USE**                                                                                                                                                                  
  Last birth at a health facility (ref: no)                                                                 1.46 (1.22, 1.73)                                                              1.41 (1.18, 1.67)
  **Discussion about birth spacing**                                                                                                                                                       
  Discussed birth spacing with doctor in last 12 months (ref: did not)                                      1.87 (1.62, 2.16)                                                              1.81 (1.56, 2.09)
  Discussed birth spacing with mother-in-law in last 12 months (ref: did not)                               0.89 (0.74, 1.06)                                                              0.89 (0.74, 1.06)
  Discussed birth spacing with relative or friend last 12 months (ref: did not)                             1.42 (1.22, 1.65)                                                              1.38 (1.18, 1.60)
  Discussed birth spacing with Lady Health Worker in last 12 months (ref: did not)                          1.19 (1.01, 1.40)                                                              1.15 (0.98, 1.36)
  **COMMUNITY CHARACTERISTICS**                                                                                                                                                            
  Concentration of impoverished households                                                                                                                                                 0.47 (0.28, 0.77)
  Quality health services available                                                                                                                                                        2.29 (1.41, 3.72)
  Discussion of birth spacing occurs                                                                                                                                                       1.50 (1.10, 2.23)
  **RANDOM EFFECTS & MULTIVARIATE MODEL FIT**                                                                                                                                              
  N (number of communities/number of women)                                          503 (6,200)            503 (6,200)                                                                    503 (6,200)
  Community level variance (SE)                                                      0.95 (0.12)            0.40 (0.07)                                                                    0.34 (0.07)
  Community level VPC (%)                                                            22.4%                  10.8%                                                                          9.4%
  Log likelihood                                                                     -3,339.098             -2,907.608                                                                     -2,893.359
  Akaike information criterion                                                       6,682.195              5,851.216                                                                      5,828.718
  Bayesian information criterion                                                     6,695.6                5,972.397                                                                      5,970.097

### Individual and household-level factors {#sec019}

Model 3 shows that when controlling for other individual/household factors and both measured and unmeasured community-level factors, the odds of contraceptive use increases with the number of living children a woman has. Women with two children have an estimated 2.09 times greater odds of contraceptive use than those with one child (95% CI: 1.68, 2.60); and women with three or more children have 3.16 times greater odds of contraceptive use than those with one child (95% CI: 2.57, 3.89). The model predicts that, after controlling for other individual characteristics and both measured and unmeasured community-level factors, women who have completed secondary or higher education have 1.90 times greater odds of contraceptive use than women with no education(95% CI: 1.54, 2.33). Women who expressed a desire to limit fertility had 2.09 times greater odds of contraceptive use than those who wanted more children (95% CI: 1.80, 2.42). Wealth quintile had a substantial positive effect on the use of contraception: women in the richest quintile had 2.38 times greater odds of using contraception compared with those who belonged to the poorest group (95% CI: 1.59, 3.56). The odds of using contraception was 1.41 times higher among women who had their last delivery in a health facility than among women who delivered at home (95% CI: 1.18, 1.67). Daily television viewership also significantly increased the odds of contraception by a factor of 1.18 (95% CI: 1.01, 1.37).

Women who received information about birth spacing from a doctor and women who received the information from relatives/friends (in the previous 12 months) had 1.81 times (95% CI: 1.56, 2.09) and 1.38 times (95% CI: 1.18, 1.60) higher odds of contraceptive use, respectively, than those who did not receive information about birth spacing. There was not a significant difference in contraceptive uptake between women who received information about birth spacing from their mother-in-law and those who did not. Although receiving information about birth spacing from a Lady Health Worker was associated with contraceptive use, when controlling for other individual and household factors (Model 2), this effect ceased to be statistically significant when community-level factors were taken into account. In particular, the effect of receiving birth spacing information from a Lady Health Worker became non-significant when the variable measuring community-level discussion of birth spacing was taken into account (data not shown). Similarly, women living in urban localities had 1.4 times higher odds of contraceptive use than those living in rural areas (95% CI: 1.1, 1.8), when controlling for individual and household factors (Model 2). However, place of residence ceased to be statistically significant when community-level factors were taken into account (Model 3). In particular, it was the addition of the variable that measured community-level quality of antenatal care that reduced the statistical significance of the effect of urban residence on contraceptive use (data not shown).

### Community-level factors {#sec020}

As the concentration of poor households in a community increased, the odds of contraceptive use for an individual woman in that community substantially declined (adjusted odds ratio, 0.47; 95% CI: 0.28, 0.77). Moreover, as the proportion of women in a community who received quality antenatal care increased, so did the odds of contraceptive use for a woman in that community (adjusted odds ratio, 2.29; 95% CI: 1.41, 3.77). Similarly, the more common it was for community members to have had discussions about birth spacing in the last 12 months, the more likely it was for a woman living in that community to report contraceptive use (adjusted odds ratio, 1.50; 95% CI: 1.10, 2.23).

Discussion {#sec021}
==========

This study considers a broader range of influences on contraceptive use than have been examined by previous studies of family planning determinants in Pakistan. Results show that community characteristics were significantly associated with an individual woman's propensity for family planning. Specifically, living in a community where women receive quality antenatal care and where there is discussion of birth spacing had a positive effect on contraceptive use. Powerful gains in contraceptive use could be realized by improving the quality of antenatal care, including counseling on postpartum family planning, as well as by supporting community health workers to engage community members in discussions about healthy timing and spacing of pregnancy.

The findings also show that community-level economic disadvantage was associated with lower contraceptive use, even after individual socioeconomic disadvantage was taken into account. Focusing efforts to improve education and service provision in communities where the demand for contraception appears to be depressed due to high levels of poverty could also increase contraceptive uptake. The finding that the effect of urban residence disappeared after taking community-level variables---specifically, the quality of antenatal care at the community level---into account suggests that the urban/rural differential in contraceptive use in Pakistan is a function of urban communities having access to better-quality services.

The independent effect of living in a community where women receive quality antenatal care, coupled with the increased odds of contraceptive use associated with having given birth at a health facility and having received information about birth spacing from a doctor, suggest that interaction with maternal health services increases the likelihood of contraceptive use. Use of maternal health services increases familiarity with service providers and may strengthen relationships with health workers and/or trust in the health system, increasing the likelihood of using other reproductive health services in the future \[[@pone.0139628.ref011], [@pone.0139628.ref040]\]. Furthermore, the positive effect of living in a community where women receive quality antenatal care suggests that the content and process of care are also important to contraceptive uptake. This is important because there is little empirical evidence that directly links the quality of reproductive or maternal health services to contraceptive adoption. At present, the evidence that quality of care is a barrier to contraceptive use in Pakistan is largely limited to studies in which women explain reasons for not using contraceptives in terms of side effects of concerns about their health \[[@pone.0139628.ref041]\]. How the quality of services directly or indirectly affects contraceptive use has not been established. One explanation for the link between living in a community where women access quality antenatal care and contraceptive uptake is that health facilities that provide the six services that define quality antenatal care are more likely to provide counseling on postpartum family planning as part of routine maternal health services. Another is that facilities that provide quality antenatal care are more likely to have the human resources and supplies required to provide quality family planning services, so quality antenatal care serves as a proxy indicator for general quality of reproductive and maternal health services. Both interpretations are consistent with global consensus that building stronger primary health care systems and optimizing integration of family planning services may lead to greater contraceptive uptake \[[@pone.0139628.ref042]--[@pone.0139628.ref045]\].

The findings related to the discussion of birth spacing also have important implications for programs. The relationship between receiving family planning information from a doctor and contraceptive use may be another indicator of the importance of health service interactions, or may be a reflection of the power and influence doctors have in Pakistani society \[[@pone.0139628.ref046]--[@pone.0139628.ref048]\]. Although it is surprising that a woman's discussion of birth spacing with her mother-in-law did not have a significant effect on her contraceptive use, it is possible that women's perceptions of their mother-in-law's opinion carry more weight than actual discussions of family planning, or that the effect observed in other studies was masked in our analysis by the influence of other relatives. Couples' discussion of contraception also has been shown to lead to desired pregnancy outcomes in Pakistan and elsewhere \[[@pone.0139628.ref049]\]. This study did not directly examine the association between spousal communication about birth spacing and contraceptive use. However, it is likely that the strong association between contraceptive use and discussion of birth spacing with a relative or friend is largely driven by reports of women who received information about family planning or discussed birth spacing intentions with their husbands.

Furthermore, the fact that an individual woman's odds of contraceptive use increase with the proportion of her neighbors who report having discussed birth spacing in the last year highlights the influence of one's social environment on health behaviors \[[@pone.0139628.ref050]\]. This is a relatively conservative measure of openness to family planning, as it does not account for the role of the individual who discussed birth spacing with the woman, the nature of the conversation, or the accuracy of the information received. It does, however, suggest that there are benefits to continued investment in counseling, communication, and outreach to improve knowledge and increase discussion regarding contraceptive use. That the effect of receiving information from a Lady Health Worker loses statistical significance after adjusting for discussion of birth spacing in the community is consistent with studies in other locations where use of modern contraception appeared to be correlated with having discussed contraception with a community health worker but ceased to be statistically significant when a community-level discussion variable was introduced \[[@pone.0139628.ref051]\]. This provides insight into ways in which Lady Health Workers can increase family planning uptake, and suggests that it may beneficial to place greater focus on their work conducting support groups and community meetings where women and men gather to discuss matters pertinent to mother and child health, especially family planning. Finally, when controlling for other individual and community-level factors, the likelihood of a woman using contraception was reduced if she lived in a poorer community. This finding is consistent with studies in other contexts that show that residing in a wealthier community is associated with better health outcomes than residing in a community with a high concentration of extreme poverty \[[@pone.0139628.ref052]\].

Collectively, these findings highlight that programs need to adopt a multilevel approach to promoting contraceptive uptake, including investing in improving the quality of health services and shifting social norms to create an enabling environment for discussions about sexual and reproductive health choices. Understanding context-specific constraints and opportunities, however, is critical for scaling up family planning to reach national and international population and health development goals \[[@pone.0139628.ref053]\]. For example, although there is an essential health service package in place that has clearly defined guidelines and protocols for reproductive and maternal health services, provision of quality health services remains a challenge in many areas. There are districts in Sindh that do not have active health care providers, due to low levels of public financing for salaries and financial incentives in the private sector that lead to employment gaps and absenteeism \[[@pone.0139628.ref054]\]. A community midwife cadre has been introduced to fill some of this gap, but many midwives struggle to provide effective maternal health services in rural areas because they lack sufficient resources to deliver services in their catchment areas and leadership support to facilitate integration in the district health system \[[@pone.0139628.ref055]\]. Overcoming these gaps will require improvements in health system management as well as institutionalization of quality improvement initiatives to strengthen maternal and reproductive health services at the district, facility, and community levels \[[@pone.0139628.ref056]\]. Similarly, if Lady Health Workers are encouraged to focus more on facilitating interpersonal and community dialogue to reduce stigma around family planning additional investment will be needed to address issues such as payment delays, job insecurity, and being overworked because of conflicting priorities \[[@pone.0139628.ref057]--[@pone.0139628.ref059]\].

Strengths and limitations {#sec022}
-------------------------

To the best of our knowledge, no previous study has examined the relationship between discussions of birth spacing and contraceptive use among postpartum women, using multilevel analysis to disentangle individual/household and community-level effects of health service provision on contraceptive use in Pakistan. This work has practical implications for health program implementation in Pakistan, and it provides a rich example of how contraceptive use is influenced by multiple socioecological factors. The study also has limitations, some of which are common to all observational studies that make inferences based on correlations from cross-sectional data, and others of which are unique to this study. First, because the data is cross-sectional, causal inferences about the effects of explanatory variables on contraceptive use are not possible. For example, it is assumed that discussing birth spacing leads to contraceptive use, but the reverse may also be true---that is, using contraception may have prompted a discussion of birth spacing with a health worker or family member. Second, community-level variables were based on the aggregation of individual-level data. A stronger design would link independent community-level data with individual-level data and would examine cross-level interaction effects. Third, there were no provisions in the dataset to examine whether postpartum family planning counseling was provided as part of antenatal or postpartum care or to ascertain the context, content, or depth of discussions women had about birth spacing. Information on both of these topics would have enriched the analysis and allowed for more precise interpretation of effects.

Conclusions {#sec023}
===========

This study showed community characteristics to have independent effects on individual propensity to use contraception among women within two years postpartum in Sindh, Pakistan. Increased coverage of quality antenatal care, increased reach of information about birth spacing, and living in a community with a high concentration of poverty were found to increase the odds of contraceptive use. Collectively, these findings highlight the need for programs to adopt a multilevel approach to promoting contraceptive uptake, including investing in efforts to improve counseling on healthy timing and spacing of pregnancies during antenatal care and community engagement to create an enabling environment for women and families to birth spacing and make informed choices about family planning.
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